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We  report the prevalence and diversity of helminth parasites found in  native turtles Mauremys leprosa 
and Emys orbicularis from three localities in  southwestern Spain and we  describe the helminth commu- 
nities of exotic turtles Trachemys scripta elegans coexisting in the wild with both native turtle species. Five 
nematodes species were identiﬁed, of  which Serpinema microcephalus was the  only species common 
between two localities, although infection parameters were different between them. This  is  the ﬁrst 
report of cross transmission of S. microcephalus and Falcaustra donanaensis from native to exotic turtles 
and the ﬁrst report of genus Physaloptera in turtles of the Palearctic Region. Continuous releasing of exotic 
pet turtles in wildlife ecosystems increases the risk  of parasite introductions and, consequently, potential 
transmission to native species, and highlights the impending need for  regulation of pet turtle trade in 
Europe. 
. 
 
 
 
1. Introduction 
 
The red-eared slider turtle, Trachemys scripta elegans,  is an inva- 
sive  species massively traded worldwide as a pet  (Salzberg, 1995; 
Telecky, 2001). In Spain there are  two native aquatic turtles, the 
Mediterranean  pond turtle  (Mauremys leprosa) and the European 
pond turtle (Emys  orbicularis), which are  presently threatened by 
habitat degradation or  fragmentation as  well  as  by  the introduc- 
tion of exotic turtles (Pleguezuelos, 2002; Cox et al., 2006). Compe- 
tition with the introduced species T. s.  elegans   has   been 
demonstrated to  affect survival of  E. orbicularis  (Cadi   and  Joly, 
2003, 2004). Additionally, the presence of these exotic turtles could 
also  increase the risk  of introduction of exotic microorganisms and 
diseases to  the native fauna. 
In  this study, we  report the helminth parasites found in  wild 
populations of native turtles M. leprosa and E. orbicularis as  well 
as the helminth communities of exotic turtles T. s. elegans  in coex- 
istence with the native ones, with the aim  of  assessing whether 
exotic turtles host helminths alien to native hosts and to determine 
the risk  of transmission to  native turtles. 
 
2. Materials and methods 
 
During 2002 and 2003 we  analysed the presence of helminth 
parasites in exotic and native turtles from three localities in south- 
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western Spain: (a)  Doñana Biological Reserve (Doñana),  a natural 
reserve in which there are  no  exotic turtles; (b)  Acebuche Lagoon 
(Acebuche) and,  (c) Portil Lagoon (Portil). Exotic  and native turtles 
are  known to  coexist in Acebuche and Portil sites. 
Because this study was  conducted within the framework of a 
program for  the eradication of  exotic turtles, different methods 
were used for  the collection of  parasites from native and exotic 
individuals. Fifty  nine exotic turtles (T. s. elegans) were captured 
and humanely sacriﬁced using Thiopental sodium injection 
(Tiobarbital, Braun Medical). Turtles’ digestive tracts  were re- 
moved, dissected and placed in Ringer’s  solution for microscopical 
examination. The  digestive tracts of  seven M. leprosa and three 
E. orbicularis found  dead  in  poaching’ traps  were too   analysed 
following the same procedure. 
Additionally, faecal samples of 96 live native turtle’s individuals 
(57  M. leprosa and 39  E. orbicularis) were directly analysed for the 
presence of parasites using a binocular magnifying glass. 
Helminths were counted, isolated and preserved in 70% ethanol 
and  temporarily  ﬁxed  with  Amann lactophenol  for   identiﬁca- 
tion. Species were identiﬁed according to  Baker  (1979, 1980), 
Hidalgo-Vila et al. (2006) as described previously. 
The  use   of  descriptive  ecological terms  follows: Bush   et  al. 
(1997). Prevalence, intensity of infection, abundance of each hel- 
minth species and abundance and richness of parasites from each 
locality were determined for  adult (T. s. elegans) from Acebuche 
and Portil, where sample sizes were large and the total number 
of parasites could be  established by  the examination of digestive 
tracts. For M. Leprosa  and E. orbicularis, only  the prevalence of 
infection was  estimated, due to  low  sample sizes. 
  
 
Differences in prevalence of infections were evaluated by com- 
paring the number of animals infected in  both localities using v2 
test. Non  parametric Kruskal–Wallis tests were used for  compari- 
sons of intensity of infections and abundance of parasites (Serpine- 
ma  microcephalus) between  populations  and for  comparisons  of 
species richness and abundance of helminths between populations. 
Differences were  considered signiﬁcant when  the  p-value was 
<0.05.   Parasite diversity was   calculated using Brillouin’s index 
(Magurran, 2004). 
 
3. Results 
 
Five  nematodes species were found in  the studied species. S. 
microcephalus, (Dujardin, 1845) (Camallanidae), Falcaustra 
donanaensis,  (Hidalgo-Vila et al.,  2006) (Kathlaniidae), Falcaustra 
sp.  (Lane,  1915) (Kathlaniidae), Aplectana sp.  (Railliet and Henry, 
1916) (Cosmocercidae) and  Physaloptera sp.  (Rudolphi,  1819) 
(Physalopteridae). With the exception of  Aplectana sp.,  all 
nematodes were common to  native and exotic turtles (Tables 1 
and 2). 
We found helminths in all the intestinal tracts of the native tur- 
tles  analysed (Table 1). In contrast, fewer parasites were detected 
in  the faeces, representing low  infection prevalence’s, 28.7% (16/ 
57)  in M. leprosa and 12.8% (5/39) in E. orbicularis. However, faecal 
examination revealed two more helminth species, with Falcaustra 
sp.  found in  one  E. orbicularis from Doñana and F. donanaensis in 
one  M. leprosa from Portil. 
S. microcephalus was   found in  native and exotic turtles from 
the three localities, while F. donanaensis, was  only  observed in na- 
tive  and exotic turtles from Portil (Tables 1  and 2).  An unidenti- 
ﬁed   species of  the genus Falcaustra was   also   found in  addition 
to  the larvae of  a  nematode from the genus Physaloptera found 
in  one   T. s.  elegans   (with 100  larvae in  its  intestinal tract) and 
in one  M. leprosa (Tables 1 and 2). Also a single female belonging 
to   Aplectana  sp.   was   found  in  one   E.  orbicularis from  Doñana 
(Table 1). 
 
 
Table 1 
Prevalence of the helminth species found in the intestinal tracts of native turtles from 
southwestern of Spain 
 Prevalence (%) 
Mauremys leprosa (n = 7) Emys  orbicularis (n = 3) 
Serpinema microcephalus 85.71,  3  66.71 
Falcaustra donanaensis 14.311     – 
Falcaustra sp.  14.32     – 
Physaloptera sp.  14.33     – 
Aplectana sp.     – 33.31 
1   Doñana Biological Reserve. 
2   Acebuche Lagoon. 
3   Portil Lagoon. 
 
 
 
Table 2 
Infection parameters  of   the  helminths   parasitizing  Trachemys scripta  elegans of 
Acebuche Lagoon and Portil Lagoon 
 
Prevalence   Intensity 
(%) 
Range    Mean ± SD 
Abundance 
N Mean ± SD 
Acebuche Lagoon 
Serpinema microcephalus    55.6 1–21  2.8  ± 5.1  42 1.6  ± 4.0 
Physaloptera sp.  3.7  – – 100    – 
 
Portil Lagoon 
Serpinema microcephalus    93.8 1–75  17.8 ± 16.5    533    16.7 ± 16.5 
Falcaustra donanaensis 12.5 1–6 3.0  ± 2.4  12 0.4  ± 1.3 
Falcaustra sp.  2.7  – – 17 – 
N = Total number of helminths (absolute abundance). 
3.1. Helminth communities of the  red-eared slider  turtle Trachemys 
scripta elegans 
 
The  overall prevalence of infection of T. s. elegans  was  signiﬁ- 
cantly higher (P < 0.0001) in Portil (93.8%, 30/32) than in Acebuche 
(59.3%, 16/27). 
For  each nematode species, prevalence, intensity of  infection 
and abundance in each locality are  shown in Table 2 . The helminth 
community of T. s. elegans  was  composed of three species in Portil, 
whereas only   two species appeared in  Acebuche, being  only   S. 
microcephalus common to  both localities (Table 2). 
All parasitized turtles from Portil were infected by S. microceph- 
alus,  at a lower prevalence than in  Acebuche (Table 2). The  other 
three species identiﬁed in  this study had low  prevalences (<13%) 
(Table 2). Mean intensity and mean abundance of S. microcephalus 
in T. s. elegans  were signiﬁcantly higher in Portil than in Acebuche 
(Table  2)  (intensity: P = 0.003;  Abundance: P < 0.0001).  Species 
richness differed signiﬁcantly in  both localities (P < 0.0001), aver- 
aging 0.5  helminth species per  turtle (SD = 0.5,  min = 0, max = 1) 
in Acebuche and 1.1 (SD = 0.5, min = 0, max = 2) in Portil. Helminth 
abundance was   higher in  Portil (P < 0.0001), with an  average  of 
17.6  helminths per  turtle (SD = 16.7,  min = 0, max = 75),  whereas 
in Acebuche was  of 5.3  (SD = 19.3,  min = 0, max = 100).  A parasite 
diversity of  0.58  (SD = 0.96)  was  found in  Acebuche and of  0.23 
(SD = 0.04)  in Portil. 
 
 
4. Discussion 
 
Helminth fauna has  been studied previously for M. leprosa and 
E.  orbicularis  (López-Neyra,  1947;   Lopez-Román,  1974;   Lluch 
et al., 1987; Cordero del  Campillo et al.,  1994; Roca  et al.,  2005; 
Hidalgo-Vila et al., 2006) in other localities of Spain,  with other Class 
of helminths (trematodes, cestodes or acanthocephalan) described. 
Only  ﬁve  species of nematodes were identiﬁed in  our  study in 
native and exotic turtles, all of them common to the Palearctic Re- 
gion.  This low number of helminth species is characteristic of other 
populations of these turtles. Thus,  ﬁve  helminth species composed 
the community of  M. leprosa in  Extremadura (Roca  et al.,  2005) 
being nematodes S. microcephalus and Falcaustra sp. the most pre- 
valent species recorded in  this locality. The  helminth fauna of E. 
orbicularis has been described in turtles from Central Europe, where 
eight helminth species were identiﬁed (Kirin, 2001). In northwest- 
ern   Spain, two additional helminth species were reported  in  E. 
orbicularis (Segade et al.,  2006). In  contrast, at present there are 
not  published data about the helminth communities of free-living 
exotic turtles T. s. elegans  in their recent introduced areas. 
In its  original area, 17  helminth species were reported for  T. s. 
elegans,  being Serpinema trispinosum and Neoechinorrhynchus the 
most  prevalent  species  (Rosen and  Marquardt,  1978;  Moravec 
and  Vargas-Vázquez, 1998). None of  the parasites reported for 
these areas were found in  T. s. elegans  from southwestern  Spain, 
where turtles are  infected by  helminth fauna of native species, 
reaching similar or higher prevalence. 
This could be due to most of the exotic traded turtles T. s. elegans 
proceed from egg incubation in farms and have not  been in contact 
with natural habitats (Warwick et al., 2001). However colonization 
of exotic hosts by local  helminths has  been previously described in 
introduced Mediterranean geckos (Criscione and Font,  2001). 
F. donanaensis has  been detected in this study in native and in 
exotic turtles  coexisting in   Portil.  Previously  detection  of  the 
same  species  in   M.  leprosa from  Doñana  (Hidalgo-Vila et  al., 
2006), an  area in  which exotic turtles  are   not   present,  reveals 
that  the  presence of   these  nematodes  in   exotic  turtles  has 
resulted from the cross transmission of F. donanaensis from native 
turtles. 
 
S. microcephalus is a common helminth of turtles in the Palearc- 
tic Region (Baker,  1979), and has  been previously cited in M. lepro- 
sa  (López-Neyra, 1947;  Lluch  et al.,  1987; Cordero del  Campillo 
et al., 1994; Roca et al., 2005), and E. orbicularis (Baker,  1979; Kirin, 
2001). However, this is also  the ﬁrst report of cross transmission of 
S. microcephalus from the native turtles to the exotic ones (T. s. ele- 
gans)  commonly parasitized by  S. trispinosum (Leidy,  1852) in  its 
native range of distribution,  Nearctic Region (Baker,  1979; Rosen 
and Marquardt, 1978). 
Differences in prevalence and abundance of S. microcephalus in 
exotic turtles between sites may reﬂect differences in  the diet of 
turtles. Adults of T. s. elegans  and other Emydid  species are  mainly 
herbivorous (Moll  and Legler,  1971; Parmenter and Avery,  1990; 
Esch  et al., 1993; Dreslik, 1999) and herbivorism favours infection 
by  species with indirect life  cycles due to  accidental ingestion of 
intermediate or paratenic hosts, as copepods or other crustaceans. 
S. microcephalus is associated with the vegetation on which the tur- 
tles  feed  (Esch et al., 1993). Thus, the higher prevalence, abundance 
and intensity of infection of turtles from Portil may be  related to 
the higher frequency of  plant matter in  the diet of  these turtles 
than in  those  from Acebuche (N.  Perez-Santigosa, unpublished 
PhD.).  Infection intensities  could be  also  related with the abun- 
dance of intermediate hosts in each locality as has  been previously 
described (Esch  and Gibbons, 1979a; Esch  et al., 1979b). 
Other parasites of  genus Falcaustra were  found in  the three 
localities. Although females of this species were different to  F. 
donanaensis females, the  absence of  males made impossible its 
identiﬁcation. 
Nematodes belonging to genus Physaloptera are  indirect life cy- 
cle  species with insects as  intermediate  host (Anderson, 2000). 
Infection rates in  wild reptiles are  often high and infections may 
be  massive (Telford, 1971) as  those recorded in  one  T. s. elegans 
of this study. Physaloptera abbreviata has  been identiﬁed in Lacerta 
lepida   and  Podarcis hispanica from the  Iberian Peninsula (Lluch 
et al., 1987), however this is the ﬁrst report of genus Physaloptera 
in turtles in the Palearctic Region. 
Finding one  individual of Aplectana sp. in one  E. orbicularis could 
be accidental. The four  species of genus Aplectana described in the 
Iberian  Peninsula  are    parasites  of   amphibians  (Rana    perezi, 
Bufo  bufo  and Bufo  calamita) (Lluch  et al.,  1987). Because these 
amphibian species are  present in  the study area (Díaz-Paniagua 
et al.,  2005) it  is  possible that the parasite was  ingested during 
predation. 
In conclusion, the introduction and establishment of exotic tur- 
tles  does not  seem to  have been accompanied by  a similar intro- 
duction of exotic parasites. However, the increasing popularity of 
different species of turtles as pets proceeding from different coun- 
tries of  the world increases the risk  of  introduction of  parasites. 
Therefore controls and regulations are  recommended to  prevent 
additional threatens to  native fauna. 
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